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SUMMAET 



The aileron characteristics of a G-rumman P4J-^3 air- 
plane were determined in flight "by means of KAOA recording 
and indicating instrument s • 

The results show that the ailerons met HAOA minimum 
requirements for satisfactory control throughout a limited 
speed range* A helix angle of approximately 0*07 radian 
vaB produced with flaps down at speeds from 90 to 115 
•miles per hour indicated airspeed and with flaps up from 
115 to 200 miles per hour* With flaps up at 90 miles per 
hour, the helix angle dropped to 0t055 radian; aTJore 200 
miles per hour heavy aileron stick forced' seriausly re- 
stricted maneuverahility in roll* 



IHEEODUOIIOH 



^'light test.s to measure the aileron characteristics of 
a Grumman P4E--3 airplane were made at the request of the 
Bureati of Aeronautics, Havy Department, She tests were 
made at Langley Jield, Va. , during a 2^week period from 
Kay 13 to May 27, 1942, 



AIEPIAJTB- AHP TESfS 



The Grumman I'4l*-*3 airplane is a single— place , single- 
engine, midwing monoplane used as a shiphoard fighter 
(fig. l). A three— view drawing of the airplane is shown 
in figure 2, and a cr oss'-sectional outline of the wing and 
aileron is shown in figure 3. The dimensions in figure 3 
were measured from the airplane. 
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Pertinent dimensloais. of tlip airplane are listed "belowt" 

Wing area., sq ft . 260 

¥ing span, ft •/ . ... • / . . 38 \ 

¥ing~taper ratio 1.67:1 '! 

Aileron chord T^ehind hinge (approz.) 

percent wing chord . • 22.8 

Aileron location: 

Inboard end, percent wing eeanispan 65,5 

OutTaoard end, percent wing semispan 92,5 
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Curves showing the variation of aileron angle with '^k 
control— st ick movement are given in figure 4. The gross 
weight of the airplane as tested was approximately 6680 
pounds. 

Ihe flight— test procedure was that normally employed 
at the 2TA0A: J*rom laterally level flight with rudder held 
fixed at the trimmed position for the speed desired, aT^rupt 
aileron was applied and held until maximtim rolling velocity ' 
was reached. Measurements of aileron position and rolling 
velocity were recorded 'by UAOA synchronized instruments; 
stick forces were observed from a force indicator on the 
contrdl stick; and airspeed was read from the service— air- 
speed indicator.- The ailerons-position recorder was in- 
stalled in the control system at the cockpit; hence, the 
measured' Values of aileron angles vjere those for the ailer- 
ons in an unloaded condition. With the ailerons loaded, 
stretch or give in the system would tend to make the true 
aileron deflections less than those measured. The stretch 
in the system was not believed to hq appreciable or to give 
a.is.erious loss in aileron effectiveness. 

Measurements .were taken at 9^2, 138, 185, -and 230 miles 
per hour indicated airspeed in level flight (flaps up, gear 
tip, level-flight power) and at 92^and 115 miles per hour in 
the carrier-^approach condition (flaps down, gear down, level- 
flight power). Additional tests were made with flap and 
gear up at ^388 miles per hour. 



21SULTS ABD DISOTJSSIOlf 



The results obtained are presented in figures 5 through 
10. figure 5 shows 'for the . carrier— approach condition the 
variation of pb/2Y, the helix angle in radians described 
by a wing tip in a roll, and the variation of stick force 
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with the total change in aileron a33.gle* The tota^l change 
in a^ileron angle Is the sum of the up— and 4©?^^ 
deflections used, in the roll as measured from the trlsi 
pO::S:it:t..ons of -the- ^m^om^ I^^^rms M thr:&ughr#:;:.pr^«i^^^ 
similar burireis ^or each of the speeds rdiis 
made i^ith the flaps and gear up. ligia^re. 10 is at swai^y 
of the curves of figures 6 through 9. 

Ihe criterion for aileron ef f ect iTeness is given in 
reference 1: Rolling velocity ohtained hy the ali?iipt use 
of full aileron should T^e sufficient to give a jainimum 
helix angle ph/SY of 0*07 radian at all speeds up to 80 
percent of the maximum level--f light speed without exceed- 
ing a stick force of 30 pounds. On this "basis the results . 
may he discussed and, summarized as follows; 

1. ¥ith flaps down, a total aileron deflection 
(maximum) of 33.3^ produced values of ph/2? of 0.068 
radian at 92 miles per hour indicated airspeed and 0.08 
radian at 1X5 miles per hour indicated airspeed.. 

2. At 92 miles per hour indicated airspeed, flaps up, 
the values of p'b/2Y obtained were 0.054 radian and 
0.056 , radian, values substantially helow 0.07. 

3. A value of ph/27 of 0.07 radian was obtained at 
138 and 185 miles per hour indicated airspeed; however, a 
stick force greater than 30 pounds was req.uired at the 
second speed. 

4. At 230 miles per hour indicated airspeed, the value 
of p"b/2T dropped to 0.066 radian and rolls made with full 
aileron deflection req.uired excessively high stick forces. 

5. The variation of p"b/2Y with change in total 
aileron angle becomes nonlinear at large aileron deflec- 
tions. The fact that this tendency increases only slightly 
with speed indicates very little loss in effectiveness due 
to cable stretch. 

In order to show the aileron control available with a 
stick force of 30 pounds, figure 11 was constructed using 
the data of figure 10. It will be noted that a pb/2Y 
value of 0.07 ^iras obtainable only for a speed range from 
approximately 120 to 160 miles per hour, Ihe maximuja roll- 
ing velocity obtainable at 10,000 feet altitude was 58^ 
per second at a speed of 190 miles per hour. 
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figure 12 compares the aileron effectiveness of the 
Grumman J4P'--3 with that of the Gurtiss 40 on a Ijasis of 
rolling Yelocity o^taina'ble at 10,000 feet with a 30-^p6tind 
stick force. OJhe ailerons on the P^40 airplane are con- 
sidered to he satisfaetorily light and effective. It %rill 
he seen that the ailerons on the 3 do not approach the 

performance obtained from those on the-P--40* 

In conclusion it may he said tjhat the i'4Sr-3 ailerons 
met l^AOA minimum control r eqttir ement s for a limited speed 
range hut lost effectiveness with flaps up at low speeds 
and were too heavy for satisfactory maneuverahlllty at 
high speeds. 



langley Memorial Aeronautical Lahoratory, 

J^Tational Advisory Committee for Aeronautics, 
Langley Jield, Va. 



EirEEllSrOE 



1. Grilrutli, E»: HecLuir ement s for Satisfactory Plying 
Qualities of Airplanes^ ITAOA A.C.E., April 1941. 




Figure 2. -« Three-^Tlew drawing of the ifnmmia 
fk'T^3 airplane. 
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rigore 4«-- Variation of aileron angle with control^stick movement, Grtan- 
man f4F*-3 airplane. 




Figare 3»- Variation of ailartoii. atiok fopoe and pb/8v with total aileron defleotion 
in the oarrier»approaeh condition (flaps down, gear dowzu le7el<»flight power) at 
92 and 115 nilea per hoar indicated airspeed* OrasBaan 1^^? airplane. 
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•nmxem 6* - Variation of aileron »tl«k foroa and pb/SV with total •ilfon daflactlon 
to laTal flight (fUpa up, gear iv, level-flight power) at 92 miles per 
hour indicated airspeed* Orunman P49-S airplane. 
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Flguw 7. . Varlatloa of ftllaron stick force and pb/2V ulth total aileron doflootlon 
in lo^el flight (flaps up, gear up, lovsl-fll^t power) at 138-,aliee.. 
per ^hour Indicated airspeed* Grunsaan F4F»3 airplane* 
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Fig. 8 
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Figaf* 8«. « Variation of all@3?on atlok force and pb/2V with total aileron deflection 
in level fli^t (flaps up, gear up, level-flight power) at ISS-mlles-per- 
hour Indicated alrapeed* Oruaiaian P4P-.3 airplane. 
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• Variation of aileron stick force and pb/3V with total alloron daf lection 
(flaps up, gear up# pcmm on) at 230 and 288 miles per hour indicated 
airspeed* Grumman F4F*-3 airplane « 
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Ptgur* 10. * Variation of *Uayo^ stick f oro* aad^^ pb/2V with t^tml ail#ron def leetion 
at 92, 185, and 288 ail«4 poi* lio^ Indlaated airspeed (flapa 

up, gear up« power on). Q^unnaa airplane* 
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figure 11,- Aileron daaractoristiQS Trith sticls: forces limited to 30 

pounds. Jlaps -op, gear up, powor on. Grumman f-iF-S airplane.. 
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ligore 12.- Rolling volocitles oTDtained at 10,000 foet altitado with a stick forco of 30 pOTinds. Grumman m 
ff43?-3 and Ourtiss •P-40 airplanos# 
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